Abstract: Fatty acid composition of liver and muscle tissues of immature and mature Oncorhynchus mykiss fed on two different diets were determined. Fatty acid analyses were carried out by gas chromatography. Palmitic acid (C16:0), oleic acid (C18:1 n-9), linoleic acid (C18:2 n-6) and docosahexaenoic acid (C22:6 n-3) were the major components in both liver and muscle tissues of immature and mature rainbow trout of both sexes. The amounts of C22:6 n-3 were higher in the liver (29.04 ± 0.06 -27.41 ± 0.17%) and muscle (13.05 ± 0.40 -11.37 ± 0.21%) of immature fish than in mature fish and depended on the composition of the diet. Results of this study show that fatty acid composition in fish tissues can considerably vary, depending on the age of fish and their diet. Thus more detailed studies are necessary on the influence of diet on immature and mature fish fatty acid composition. The age and diet of fish consumed may also be important for human health.
Introduction
Lipids are important components of fish diets due to their role in providing energy sources, the essential role of some fatty acids, carriers of fat soluble vitamins and resource of polar lipid plus sterols, which are important structural compounds of cell membranes (e.g., Lee 2001; Rueda et al. 2001; Lee et al. 2003) . Fish and fish oils contain omega-3 fatty acids (n-3 polyunsaturated fatty acids) (n-3 PUFA) known as eicosapentaenoic acid (EPA) (C20:5 n-3) plus docosahexaenoic acid (DHA) (C22:6 n-3), whereas plant foods and vegetable oils are devoid of these two PUFA (Holub & Holub 2004) . However, it is well established that fish require EPA, DHA and arachidonic acid (ARA) (C20:4 n-6) for normal growth, development, and reproduction (Rodriguez et al. 2004) .
Fatty acid composition of fish is highly variable between and within species. It has been indicated that these variations are influenced by a number of factors, such as food availability and nutritional habits of fish, catch area, fish size, age, maturity, season and sampling tissue (Rueda et al. 2001; Aras et al. 2003a ).
According to Kozlova (1998) , the liver and muscle in fish serve as fat depots, whereby the liver is the main lipid storage organ in the body of many fish species. Rodriguez et al. (2004) indicated that the liver plays a critical role in various aspects of lipid metabolism, i.e., uptake, oxidation and conversion of fatty acids. However, Kiessling et al. (1991) reported that muscle and adipose tissue are the main fat depots in salmonids. Although fatty acid composition of fish reflects, to a large extent, their diet (Fajmonova et al. 2003) , Arzel et al. (1994) indicated that the composition of tissue lipids does not simply reflect that of dietary lipids. Some fatty acids rather appear to be within defined ranges which depend on the species and on the tissue being studied.
Fatty acid composition of salmon and trout grown on diets rich in n-3 PUFA are also beneficial to human diet (Fonseca-Madrigal et al. 2005 ) and consumption of these PUFA, especially EPA and DHA, was recommended for humans (Aras et al. 2003a; Holub & Holub 2004 ). In light of recent studies, EPA and DHA are important in prevention of cardiovascular diseases and neurological problems (Simopoulos 1999; Lauritzen et al. 2000) .
Many studies have been focused on fatty acid composition and content of EPA and DHA in fish (Haliloglu et al. 2002; Saglik et al. 2003) . Various studies on tissue composition of fish and their relationship to human health have been carried out on wild and cultivated fish (Rueda et al. 1997 (Rueda et al. , 2001 Saglik et al. 2003) , rainbow trout (Kiessling et al. 2001; Aras et al. 2003a; Haliloglu et al. 2003) and juvenile fish which were fed different diets (Figueiredo-Silva et al. 2005) .
Rainbow trout (Oncorhynchus mykiss) is one of the most popular food fish in Turkey. The aim of the present work was to compare the fatty acid composition in liver and muscle tissues of immature and mature O. mykiss fed two different diets. 
Material and methods

Fish and sampling
The study was carried out in September 2004 at a commercial fish farm in Sivas, Turkey. Immature (in the age of 7 months) and mature (in the age of 2 years) Oncorhynchus mykiss (Walbaum, 1792) were selected and divided into two groups of 40 individuals. Each group was stocked in two pools (60 × 90 × 190 cm, temperature 13.2 ± 0.14 • C) and the groups contained both sexes. The oxygen content of water was 8.16 ± 0.24 mg L −1 and pH was 8.3 ± 0.4. The groups of fish were fed by hand twice a day, at 08.00 and 17.00 h, for 28 days. Commercial feeds used in the feeding experiment were purchased from a private feed manufacturer in Turkey (Pınar Yem Sanayi & Pazarlama A.Ş.). Trout 4 (Diet 1) and 6 (Diet 2) No extruded pellet feeds were used in the feeding of immature and mature fish, respectively. Diet compositions are presented in Table 1 and fatty acid profiles in Tables 2 and 3 . At the end of the feeding experiment, 3 male and 3 female fish from immature and mature stocks (a total of 12 fish) were selected for extraction studies. Length and weight of the fish used in the study are shown in Table 4 . Samples of liver and muscle tissue of all groups, 1 g each, were extracted for total lipid and fatty acid studies. Because muscle tissue constitutes a considerable part of the fish, it was not weighed and 1 g of muscle sample was directly taken from the area underneath of dorsal fin. Samples of commercial diet 1 and 2 (1 g each) were also taken for total lipid and fatty acid analyses. All samples were taken as 1 g of three replicates and immediately placed in chloroform/methanol (2/1, v/v) and stored at −20
Lipid extraction and fatty acid analysis Weighed muscle, liver and feed samples were homogenized in chloroform/methanol (2/1, v/v) using an Ultra-Turrax T25 homogenizer (Folch et al. 1957) . The total lipids obtained were saponified by refluxing with methanol (50%) containing 5% sodium hydroxide for 1 h. The saponifiable lipids were converted to their methyl esters using the standard Boron trifluoride-methanol (BF3) method (Moss et al. 1974) . The resultant mixture of fatty acid methyl esters (FAMEs) in hexane/chloroform (4/1, v/v) was injected into a SHIMADSU GC 17 VER 3 gas chromatograph equipped with flame ionization detector (FID), trade mark Machery nagel (permabond) capillary column (25 m × 0.25 mm), at 120
• C column temperature. The injection port and detector temperatures were 240 and 280
• C, respectively. Nitrogen was used as carrier gas at 2.5 ml min −1 . A small quantity of methyl ester solution (1 µl) was introduced onto the column. FAMEs were identified by comparison of retention times with standards from Sigma Chemical Co. Calculation of fatty acid ratios was carried out by GClass 2.01 software.
Statistical analysis
The analyses were performed using a commercial statistical program (SPSS 8.0). All analytical determinations were performed in triplicate and the mean values were reported. The statistical analyses of percentages of fatty acid were tested by analysis of variance (ANOVA) and comparisons between means were performed with Tukey's test. Differences between means were evaluated as significant at P ≤ 0.05.
Results
Fatty acid analysis showed considerable differences in the fatty acid composition of the liver and muscle between mature and immature fish, depending on their diets. Immature fish were fed diet 1 (Trout 4 No extruded pellet) while mature fish were fed diet 2 (Trout 6 No extruded pellet). Diets used in the trials were qualitatively the same, except docosapentaenoic acid (C22:5 n-3), but they differed quantitatively. The comparison of fatty acid composition and ratios in the liver and muscle of mature and immature O. mykiss are presented in Tables 2 and 3 , respectively. The tables also show the fatty acid composition of diet 1 and 2.
In all fish groups, C16:0 and stearic acid (C18:0) were the major saturated fatty acids (SFAs) in the livers. The amount of C16:0 in immature fish liver was higher and significantly different from mature fish, although mature female livers had higher C18:0 amounts. C16:0 and C18:0 were also predominant fatty acids within the SFA in muscle tissue of all fish groups and the amount of C16:0 in muscle of immature females was significantly higher than in mature individuals. However, muscle tissue contained higher amounts of SFA than the liver tissue of the fish studied.
The data in Table 2 indicate that oleic acid (C18:1 n-9) was the predominant fatty acid within the monounsaturated fatty acids (MUFAs) in the liver of ma- 6.47 ± 0.20a 2.55 ± 0.07b -8.07 ± 0.07c 4.11 ± 0.07d 3.88 ± 0.14d C18:1 n-9 20.11 ± 0.06a 16.97 ± 0.02b 17.87 ± 0.03c 25.65 ± 0.34d 27.48 ± 0.10e 32.27 ± 0.08f C20:1 n-9 6.96 ± 0.05a 4.82 ± 0.07b 3.52 ± 0.05c 7.17 ± 0.11a 5.35 ± 0.10d 5.86 ± 0.09e C22:1 n-9 5.82 ± 0.01a 1.29 ± 0.19b 0.98 ± 0.06b 5.49 ± 0.10a 1.12 ± 0.47b 1.02 ± 0.21b C18:2 n-6 10.02 ± 0.07a 5.57 ± 0.19b 6.52 ± 0.08c 15.45 ± 0.07d 7.17 ± 0.13e 7.08 ± 0.07ec C18:3 n-6 0.19 ± 0.00a --0.24 ± 0.00b --C20:3 n-6 0.38 ± 0.03a 1.96 ± 0.08b 2.05 ± 0.04b 0.38 ± 0.00a 2.08 ± 0.06b 1.58 ± 0.09c C20:4 n-6 0.55 ± 0.03a 3.16 ± 0.41b 3.08 ± 0.10b 0.14 ± 0.02a 2.11 ± 0.10c 1.44 ± 0.00d C22:4 n-6 0.32 ± 0.02a --0.56 ± 0.02b --C18:3 n-3
1.61 ± 0.07a 0.54 ± 0.04b 0.68 ± 0.02bc 1.42 ± 0.28a 0.99 ± 0.13c 0.74 ± 0.04bc C18:4 n-3
1.35 ± 0.00a --0.36 ± 0.02b --C20:5 n-3 7.68 ± 0.07a 4.46 ± 0.14b 3.95 ± 0.04c 0.82 ± 0.01d 3.51 ± 0.08e 3.64 ± 0.30ce C22:5 n-3 2.20 ± 0.02a 1.04 ± 0.09b 1. Explanations: The data are expressed as percentages of total fatty acids. Each value represents the mean of three experiments. Means indicated with the same letter in each row do not significantly differ at P < 0.05 (ANOVA, Tukey's test). TSFA -total saturated fatty acid; TMUFA -total monounsaturated fatty acid; Tn-6PUFA -total n-6 polyunsaturated fatty acid. -Not detected. 6.47 ± 0.20a 5.58 ± 0.16b 4.58 ± 0.02c 8.07 ± 0.07d 3.33 ± 0.05e 3.19 ± 0.00e C18:1 n-9 20.11 ± 0.06a 24.57 ± 0.47b 22.44 ± 0.08c 25.65 ± 0.34d 25.66 ± 0.10d 28.61 ± 0.23e C20:1 n-9 6.96 ± 0.05a 4.38 ± 0.23b 3.80 ± 0.06c 7.17 ± 0.11a 6.89 ± 0.09a 6.05 ± 0.12d C22:1 n-9 5.82 ± 0.01a 2.55 ± 0.54b 2.12 ± 0.01bc 5.49 ± 0.10a 1.57 ± 0.27c 1.94 ± 0.41bc C18:2 n-6 10.02 ± 0.07a 9.02 ± 0.50b 10.27 ± 0.09a 15.45 ± 0.07c 11.38 ± 0.10d 11.38 ± 0.19d C18:3 n-6 0.19 ± 0.00a --0.24 ± 0.00b --C20:3 n-6 0.38 ± 0.03a 1.20 ± 0.13b 2.65 ± 0.09c 0.38 ± 0.00a 0.76 ± 0.05d 0.87 ± 0.08d C20:4 n-6 0.55 ± 0.03a 1.56 ± 0.16b 1.77 ± 0.22b 0.14 ± 0.02a 2.08 ± 0.21b 2.01 ± 0.18b C22:4 n-6 0.32 ± 0.02a --0.56 ± 0.02b --C18:3 n-3
1.61 ± 0.07de 1.48 ± 0.15bd 1.81 ± 0.08b 1.42 ± 0.28de 1.11 ± 0.06ef 1.42 ± 0.06de C18:4 n-3
1.35 ± 0.00a --0.36 ± 0.02b --C20:5 n-3 7.68 ± 0.07a 1.69 ± 0.12b 1.25 ± 0.04bc 0.82 ± 0.01c 1.32 ± 0.09bc 1.21 ± 0.05bc C22:5 n-3 2.20 ± 0.02ab 1.97 ± 0.08a 2.37 ± 0.10b -2.07 ± 0.09a 0.65 ± 0.01c C22:6 n-3 8.68 ± 0.42a 13.05 ± 0.40b 11.37 ± 0.21c 0.47 ± 0.02d 9.46 ± 0.49ae 9. 21.53 ± 0.44a 18.19 ± 0.30b 16.81 ± 0.17c 3.06 ± 0.23d 13.96 ± 0.73e 12.99 ± 0.03f n-3/n-6 1.88 ± 0.05a 1.54 ± 0.00b 1.12 ± 0.03c 0.18 ± 0.02d 0.99 ± 0.06e 0.91 ± 0.02e
For explanations see Table 1 .
ture fish. Muscle tissue of mature fish also contained excessive amounts of C18:1 n-9 (Table 3) . Linoleic acid (C18:2 n-6) was the major n-6 PUFA in both liver and muscle of adult fish. Although, in contrast to diet 2, diet 1 contained excessive amounts of EPA (C20:5 n-3) (Tables 2, 3), the amount of this fatty acid was nearly equal in immature and mature fish. However, the amount of C20:5 n-3 was higher in liver samples than in muscle samples. The amount of DHA (C22:6 n-3) was higher in livers and muscles of immature fish than in mature fish and n-3 DHA was the most abundant fatty acid in the livers of immature fish.
Discussion
In general, all feeding studies conducted on fish were focused on fish of the same age, which were fed different diets. It has been generally claimed that the total body composition reflects the diet composition (Haliloglu et al. 2002; Fajmonova et al. 2003 ).
The present study reports changes between fatty acid profiles of mature and immature O. mykiss which were fed two different diets. Except some fatty acids present in small amounts in the fish diet, the fatty acid composition of the examined fish tissues reflected the compositions of the diets.
It was well documented for the liver, muscle and gonads of different cyprinid species that fatty acid composition changed, depending on season, feeding status, some environmental factors (i.e., temperature) and during the reproduction period. However, some of these studies revealed that the spawning period affects the total lipid amounts in fish (Akpinar 1986 (Akpinar , 1987 Akpinar & Aksoylar 1988; Metin & Akpinar 2000) . Hayashi & Takagi (1978) indicated a marked decrease in the lipid content in muscle during the spawning period, which coincided with gonad maturation. Our study revealed substantial differences in amounts of individual fatty acids in tissues of immature and mature fish and between sexes, depending on their diet composition.
C16:0 and C18:0 were the dominant saturated fatty acids in all fish groups. This finding seems to agree with other studies conducted on trout, including O. mykiss (Aras et al. 2003a) . It is indicated that C16:0 is present in a higher ratio in fish tissues and is more stable than C18:0 (Aras et al. 2003b ). Many fish tissues seem to contain excessive amounts of C18:1 n-9 within the total MUFA (Aras et al. 2003a; Saglik et al. 2003) . Results of our study also supported this phenomenon. Surprisingly, although diet 1 contained excess amount of C18:1 n-9, its value in immature liver was lower than in diet 1.
Essential fatty acids affect the fluidity, flexibility and permeability of membranes. At the same time, they are the precursors of eicosanoids. In general, lipids in marine fish contain excess amount of n-3 PUFA rather than n-6 PUFA (Steffens 1997) . Our study revealed that C18:2 n-6 was the major n-6 PUFA and other n-6 form of fatty acids were the minor compounds in all fish groups. Although diet 1 contains excessive amounts of C20:5 n-3 in comparison with diet 2, mature and immature O. mykiss tissues contained nearly equal amounts of this fatty acid. However, the amount of C20:5 n-3 was higher in liver than in muscle. The amount of C22:6 n-3 was higher in liver and muscle of immature fish than in mature fish, whereby the amount of this fatty acid was the highest in the liver of immature fish. The n-3/n-6 ratio and the amount of C22:6 n-3, which are very important parameters for human health, are higher in the liver and muscle of immature fish than in mature fish, depending on their diets. Kiessling et al. (2001) indicated that the ratio of C22:6 n-3 most obviously change by feed level and fish age. Thus, further studies must be conducted on fatty acid composition of immature and mature fish as immature fish seems to be more suitable for consumption by humans.
